O(α) QED radiative corrections to polarized neutral current leptoproduction of heavy quark flavours are calculated in the leading log approximation for HERMES, COMPASS, and HERA kinematics. Besides the inclusive case, we derive general z h -differential formulae for the polarized boson gluon fusion process and use them to calculate radiative corrections to semi-inclusive polarized heavy flavour production in the case of HERA kinematics.
1 Introduction polarized expressions.
The paper is organized as follows: In Sect. 2 the Born-level expressions for polarized deep inelastic scattering are given and the general z h -differential expressions for polarized heavy flavour production via the booson gluon fusion mechanism are derived. In Sect. 3 we provide the theoretical framework to calculate inclusive and semi-inclusive O(α)-QED corrections in LLA, followed by numerical results for the fully massive radiative corrections to heavy flavour production in Sect. 4 . Finally, we summarize our results in Sect. 5.
Born cross section
In our calculations we will restrict on the longitudinal spin asymmetry d∆σ = (dσ(λ, S L )− dσ(λ, −S L ))/2, where dσ(λ, S L ) denotes the differential Born cross section for deep inelastic scattering of longitudinally polarized leptons off longitudinally polarized nucleons.
For definiteness, we consider the process l(k 1 , λ)P (p, S L ) → l ′ (k 2 )X(p X ) where λ and k 1 are the helicity and the 4-momentum of the incoming lepton, S L and p the spin and the 4-momentum of the nucleon and k 2 the 4-momentum of the final lepton. The Born cross section can be written as a contraction of a leptonic tensor L µν with a hadronic tensor
with B, B ′ = γ, Z or W , α the QED coupling constant, and x, y, Q 2 the well-known variables in deep inelastic scattering (DIS). χ B collects some constants and the ratio of B-propagator and photon-propagator:
where θ W is the Weinberg angle and M Z , M W are the masses of the Z 0 and W boson, respectively.
Using a general γ µ (V − Aγ 5 )-structure for the leptonic current, L BB ′ µν reads: 
where
,s,b = −1/2) are the charge and the isospin of the fermion. p l accounts for the fact that the result for e + p-scattering can be obtained from the e − p-results by the replacement
l , i.e. p e + = −1 and p e − = 1. Furthermore, it is convenient to define two further combinations of the couplings at this place:
such that C l = S l,+ − p l λ2R l,+ .
Assuming current conservation, the polarized part W µν (p, q, S) of the hadronic tensor depends in general on five structure functions g i (x, Q 2 ). In the literature different definitions for the structure functions are used. For a comparison of several conventions see [9] . We use the following form:
For longitudinally polarized nucleons the nucleon spin vector can be chosen in the nucleon rest frame to be S L = (0, 0, 0, M). Neglecting terms of the order O(M 2 /S) (S=CMS-energy) one can replace S L by −λ N p where λ N is the degree of the nucleon polarization [10] and discard g 2 and g 5 . This yields
in agreement with the hadronic Tensor given in [11] . Using eq. (1), (3) and (6) one finds the following result for the longitudinal spin asymmetry (polarized part of the Born cross section):
with the structure functions
The structure functions g
can be calculated within the quark parton model. The two relevant partonic processes are in leading order (LO) the polarized heavy flavour production via the boson-gluon fusion subprocess B * (q)g(k) →Q 1 (p 1 )Q 2 (p 2 ) and the electron-quark scattering B * q → q.
Polarized heavy flavour production
The structure functions g h i=1,3,4 for a pair of heavy quarks Q 1,2 with masses m 1,2 can be obtained by a convolution of the polarized gluon density ∆g with the polarized structure functionsĝ h i=1,3,4 of the partonic subprocess:
with a = 1 + (m 1 + m 2 ) 2 /Q 2 . As usual we identify the scales
and α s (µ R ) (see below).
Following the general framework given in ref. [11] , we calculate the polarized partonic structure functionsĝ
, t) by writing the two particle phase space as dR 2 = dz h /(8π) with z h = k · p 2 /k · q. The general z h -dependence of the polarized structure functions turns out to be the same as in the unpolarized case [12] :
with (suppressing the indices BB ′ )
where ∆m n ≡ m n 2 − m n 1 , m 1,2 being the mass of the heavy quark Q 1,2 and ∆P qg (x) = (2x − 1)/2 the polarized g → q splitting function.
The z h -integrated results in [11] are easily recovered if one notices that 1
with the z h -integration boundaries [14] 
(1 − x). In the following we are only interested in neutral current charm production,
In this case the z h -integrated partonic structure functions read:
Electron-quark scattering
For completeness we list the LO neutral current results for electron quark scattering [11] 1 :
Radiative corrections in LLA
As already mentioned, in O(α)-LLA the structure of the QED-corrections to polarized DIS is the same as in the unpolarized case, because ∆P ee (x) = P ee (x) = 1 + x 2 1 − x + . We therefore restrict ourselves to give the formulae that we have used in this work. For details we refer the reader to the literature [7, 13] .
We are using leptonic variables
which are reconstructed by the 4-momentum p ′ e of the observed electron and the 4-momenta p e , p of the initial state electron and proton. As usual S = (p + p e ) 2 is the center-of-mass (CMS) energy.
To describe semi-inclusive processes we further define the Lorentz-invariant variable
which is built from the 4-momentum p D of the produced D-meson. In the rest frame of the proton z D is the energy fraction carried by the D-meson with respect to the energy of the boson.
The rescaled variables for the partonic subprocess like ,e.g.,
with r defined by
The index l to denote leptonic variables will be suppressed from now on.
Inclusive case
The corrections due to initial state radiation (ISR) and final state radiation (FSR) can be written as [7] 
with α the electromagnetic coupling, L e = ln Q 2 /m 2 e (m e = electron mass) and
∆σ 0 depends on the hard scattering process.
1. Boson gluon fusion (heavy flavour production):
with the partonic cross section
((ĝ 1 (x,Q 2 ) from eq. (12)) and the Jacobian
The integration bounds are given by:
In the case of the scattering off the light (massless) flavours (u, d, s) the partonic cross section is proportional to δ(1 −x) and one easily finds (of course ∆g → ∆q, q = u, d, s)
withz 2 = z 1 xy z 1 z 3 + y − 1 and the structure functions G i from eq. (8) and (13). The integration bounds can be obtained from the above z 
z D -differential case
In this subsection we consider z D -differential polarized heavy flavour production. The cross sections for ISR and FSR have the same structure as in eq. (18) and (19) with a z D -dependent function ∆σ 0 [7] :
The partonic cross section is given by
inserting the z h -differential structure functions from eq. (10) in
The Jacobian in eq. (28) can easily be calculated as
The additional integration bounds read: 
normalized to 1 0 dzD c (z) = 1, i. e. ,
Numerical results
The production of heavy flavours will be measured in several future experiments, e.g., the charm upgrade of the HERMES experiment [2] , the COMPASS experiment [3] and a possible polarized HERA collider mode [4] . In the following, we discuss the radiative corrections to polarized heavy flavour leptoproduction in the kinematical regions of these experiments.
As usual we introduce the correction factor δ by d∆σ = d∆σ 0 (1 + δ), i. e., δ =
The labels "i" and "f" stand for "initial" and "final" state radiation, d∆σ 0 denotes the Born cross section under consideration.
In the following figures we employ the polarized parton densities GRSV(LO) 'Standard' [16] with a positive definite polarized gluon and GS(LO) 'C' [17] with a non-positive definite gluon. It should be stressed again that both of these different parametrizations describe present data. Furthermore, theoretical uncertainties due to different choices of the charm mass m c and the factorization scale µ can be sizeable not only in the cross sections but also in the ratio δ. In all figures the charm mass has been set to m c = 1.5
GeV. An appropriate choice of µ is not known. In order to find a factorization scale µ leading to a good perturbative stability affords the knowledge of the next-to-leading order corrections to polarized heavy flavour production which have not yet been calculated.
Thus, we use the two factorization scales µ 
HERMESC
The detector upgrade of the HERMES experiment [2] is dedicated to measure polarized leptoproduction of open charm via the scattering of longitudinally polarized elec-trons (E e = 27.5 GeV) off a longitudinally polarized fixed nucleon target, i. e. , at √ S = 7.4 GeV. In fig. 1 [m c = 1.5 GeV, µ 2 = Q 2 + 4m 
COMPASS
The COMPASS experiment [3] is going to measure polarized open charm muoproduction at an energy of √ S = 14.1 GeV (E µ = 100 GeV). The radiative corrections for muoproduction can be obtained by simply replacing
Since nothing else is changed the corrections δ(x, y) are expected to be similar to fig. 1 but suppressed by the factor L µ /L e < 0.5. Fig. 2 [m 
2 )-range given in table 3.1 of [3] . Only for ν = 40 GeV and Q 2 ≥ 6 GeV 2 the corrections exceed 5%.
Polarized HERA collider mode
In a polarized HERA collider mode longitudinally polarized electrons are scattered off longitudinally polarized protons with a center-of-mass energy √ S = 300 GeV. One of the main goals of a polarized HERA is the measurement of the spin dependent structure function g 1 (x, Q 2 ) at values of (x, Q 2 ) which are not accessible to other experiments [5] .
In the range of small x 10 −3 the charm contribution g
2 ) has to be accounted for.
In fig. 3 the charm contribution to the radiative corrections to d Similar to the unpolarized case (F c 2 ) [19, 20] it would be interesting, albeit very difficult, to measure g c 1 in order to constrain the polarized gluon density ∆g(x, Q 2 ) in the proton at small x. Fig. 4 shows the (inclusive) radiative corrections to polarized charm production via the photon gluon fusion. Z-exchange has been neglected, sinceĝ This behaviour is not only due to the unknown NLO corrections but mainly due to the almost entirely unconstrained ∆g(x, Q 2 ).
As has been already stressed in [7] measurements of heavy quark production processes (one hadron inclusive processes) are of course differential in the momentum of the (observed) heavy quark, recommending to perform the radiative corrections on the same differential level. Thus, we have repeated the semi-inclusive z D -differential analysis of our study of unpolarized heavy quark production. Contrary to the inclusive case, g 3 and g 4 do not vanish (see eq. (10)) and should not be neglected. Allthough
its weight relativ to g 1 (x, Q 2 ) in the cross section is (up to terms of the order O(y 2 ))
due to the structure of the hadronic tensor. The same holds for the radiative corrections where the corresponding factor in ∆σ 0 (z 1 , z 3 ) reads To conclude, at small x it is (up to now) only possible to perform calculations of radiative corrections to charm production modulo the choice of the parametrization of the polarized gluon. The situation will improve as soon as the gluon distribution becomes more constrained (for x 10 −2 ) and the NLO expressions for polarized heavy flavour production are calculated.
Summary
We 
